Considerable evidence indicates that poultry is a principal vehicle of transmission of Campylobacterjejuni involved in human illness. Not only have several studies revealed that many of the serotypes of C. jejuni isolated from poultry are also frequently associated with human infection (2, 18, 19, 28, 32) , but many epidemiologic studies also have identified a strong association between Campylobacter enteritis and eating or handling raw or undercooked chicken (8, 11, 13, 14) . Data from a large prospective study to determine the role of meats as possible sources of infection leading to Campylobacter enteritis in western Washington State indicated that ingestion of contaminated chicken contributed to about half the cases of Campylobacter enteritis in that area (11) . A case-control study at the University of Georgia to identify risk factors for Campylobacter enteritis among college students revealed that eating chicken was the principal vehicle of transmission for sporadic cases of Campylobacter infection (8) . Additionally, several outbreaks of Campylobacter enteritis have been linked to eating chicken or poultry products (7, 17, 26, 27, 33, 36) .
Poultry is a well-established reservoir of C. jejuni. The organism is carried in the intestinal tract and excreted in feces. The number of C. jejuni in intestinal contents of chickens and turkeys is generally at levels of 104 to 108 CFU/ g (1, 10, 25, 29, 41) . Surveys of live poultry revealed that a large percentage, often greater than 75%, of birds harbor C. jejuni in their intestinal tracts (10, 29, 31, 35, 41) . Poultry carcasses and edible parts are often contaminated with C. jejuni during processing, largely through contact with fecal material (12, 29, 41, 42) . Hence, about 30% or more of retail poultry is contaminated with C. jejuni (21, 38) , often at levels of 102 to 104 CFU/g (11, 12, 20, 29 An additional 28 chicks were examined more extensively for colonization by C. jejuni. The chicks (1 day old) consisted of two groups of 14, with 6 control (each perorally inoculated with 0.5 ml of PBS) and 8 treated (each perorally inoculated with 5 x 108 C.jejuni 74C in 0.5 ml of PBS) chicks per group. All chicks were sacrificed 7 days postinoculation, surgically exposed, and examined for gross pathological abnormalities. Organs and tissues, including heart, liver, gallbladder, spleen, kidneys, and gastrointestinal tract (from the proventriculus to the cloaca), were removed, and representative samples were fixed and prepared for microscopic examination by the procedures described above. Additionally, a portion of each cecum, large intestine, and cloaca was taken for examination by transmission electron microscopy.
Specimens were prepared for transmission electron microscopy by rinsing the tissues in digitonin (16) The tissues were processed through different concentrations of ethanol and embedded in Durcupan ACM Fluka (Polysciences). Ultrathin sections (60 to 90 nm) were mounted on Parlodion-coated 200-mesh grids, stained with uranyl acetate and lead citrate, and examined by transmission electron microscopy (x 1,600 to x 38,000). Appropriate controls were done to verify the accuracy of the immunoperoxidase staining procedure.
RESULTS
The physical response of chicks inoculated perorally with C. jejuni was indistinguishable from that of control animals in that there was no apparent loss of appetite, no reduction in weight gain, no alteration in locomotion, and no diarrhea or respiratory distress. All animals, both inoculated and controls, appeared healthy.
Distribution of C. jejuni in tissues and organs. C. jejuni was recovered from tissues and organs of 23 of 36 (64%) inoculated chicks, but not from control chicks. The principal site of localization was the lower gastrointestinal tract, especially in the ceca, where C. jejuni was often detected at levels of 104 to 107 cells per g ( Table 1 ). The organism was recovered most frequently from the ceca (20 of 36 chicks, 55.6%), distal small intestine (14 of 36 chicks, 38.9%), and large intestine plus cloaca (5 of 14 chicks, 35.7%), but only twice from the spleen, once from the gallbladder and blood (cardiac puncture), and not from the liver.
C. jejuni was detected by histologic examination in 17 cecal and 11 cloacal and large intestinal specimens from 18 chicks inoculated with C. jejuni and examined 7 days postinoculation. Interestingly, the organism was detected by microscopic examination in the ceca and cloaca of two chicks, whereas it was recovered by plating procedures from only the cecum of one of the chicks. C. jejuni was not detected by histologic examination in similar tissues of 15 8-day-old control chicks that were not exposed to the organism. C. jejuni was not detected microscopically in the heart, liver, spleen, gallbladder, kidneys, proventriculus, gizzard, duodenum, or proximal small intestine in any of the chicks (inoculated or control) examined or any other major pathological differences between specimens from inoculated or control chicks. However, a mild edema of the lamina propria and submucosa was detected occasionally in the proximal ceca of inoculated chicks. There was no evidence of C. jejuni-like cells associated with either the surface or glandular epithelium of any tissues of the gastrointestinal tract. C. jejuni cells were observed both morphologically and by an immunoperoxidase staining procedure with C. jejuni-specific antiserum in the inoculated chicks, principally in cecal, large intestinal, and cloacal crypts ( Fig. 1 and 2 ) and in the lumina of the ceca, large intestine, and cloaca among fecal material. Between 4 and 35% of cecal crypts of 17 C. jejuni-positive chicks were filled with densely packed C. jejuni cells. A small percentage (<5%) of cecal crypts of control chicks contained some rod-shaped, coccoid, and/or fusiform bacteria (not C. jejuni as indicated by immunoperoxidase staining) but at substantially lower numbers than were observed for C. jejuni in crypts of inoculated chicks. Bacteria present in cecal, large intestinal, and cloacal crypts of control chicks were generally at the proximal end of the gland and not in the glandular lumina or the distal portion of the crypts (Fig. 1A) . In contrast, C. jejuni in inoculated chicks filled cecal, large intestinal, and cloacal crypts from the proximal end to the distal end and were most prominent in crypts in the mid and proximal ceca and the cloaca. Immunoperoxidase staining with antiserum raised to C. jejuni 74C confirmed that these bacteria were C. jejuni (Fig. 3) .
Examination of more than 100 transmission electron microscopy photomicrographs of C. jejuni-colonized cecal, large intestinal, and cloacal crypts consistently revealed that the campylobacters pervaded the lumina of crypts and were occasionally in close apposition to the glandular microvilli, but never in direct contact with the microvillous outer membrane (Fig. 2 and 3B) . Hence, it appeared that campylobacters colonized crypt mucus without attaching to crypt microvilli.
Additionally, based on the staining properties of crypt mucus treated with the mucoprotein-glycoprotein-specific stains azure A and thionine (23) , it appeared that C. jejuni had modified, perhaps metabolized, the crypt mucus. The cecal and cloacal mucus in crypts filled with campylobacters consistently stained noticeably lighter than mucus in similar crypts of C. jejuni-free control chicks. DISCUSSION Our observations that C. jejuni localizes principally in the ceca, large intestine, and cloaca of chicks are in general agreement with the findings of Soerjadi et al. (37) . Although some investigators (34, 40) have reported the occurrence of C. jejuni-induced lesions in the intestinal tracts of young chicks, no such lesions were observed in the intestinal tracts of any of the chicks examined in our study.
An elegant study by Lee et al. (22) revealed that in gnotobiotic mice C. jejuni colonizes mucus on the outer surface and deep within the intestinal crypts, with the cecal crypts being preferentially colonized. They observed that campylobacters do not adhere to the intestinal surface but are highly motile and rapidly track along intestinal mucus. We made similar observations in chicks, in which C. jejuni appears to colonize mucus preferentially within cecal and cloacal crypts without adherence to the crypt surface.
Preferential attraction of C. jejuni to mucus-filled crypts may be explained by the chemotactic behavior of the organism toward mucin, a principal constituent of mucus. Hugdahl et al. (15) determined that C. jejuni is chemoattracted to mucin and to L-fucose, which is likely the principal chemoattractant in mucin. Furthermore, it was observed that mucin can serve as a sole substrate for growth of C. jejuni (15) , with studies at 42°C in PBS plus 1.0% mucin revealing an increase from 6 x 104 C. jejuni per ml at zero time to 3.3 x 105 and 2.4 x 10' C. jejuni per ml at 6 and 20 h, respectively (M. B. Hugdahl, J. T. Beery, and M. P. Doyle, unpublished data). Mucin served as a source of carbon and energy for growth, whereas in cultures containing PBS with or without other identified chemoattractants of C. jejuni, the organism died off to undetectable levels (<10 CFU/ml) within 20 h at 42°C (15) . Although only presumptive qualitative results could be obtained by staining cecal and cloacal crypt mucus of inoculated and control chicks with mucoprotein-glycoprotein-specific stains, it appeared that C. jejuni metabolizes mucus in vivo.
We propose that C. jejuni colonization of chicks occurs primarily in the lower gastrointestinal tract where the organ- Bacteria (subsequently confirmed as C. jejuni) treated by the immunoperoxidase staining procedure except without the primary C. jejuni-specific antibody (negative control); the bacteria lack the dark-staining, granular appearance of the cell wall. Also apparent is the lack of bacterial adherence to crypt microvilli. Peroxidase, osmium, uranyl acetate, lead citrate staining; Durcupanembedded thin section. Bar, 1 , um. ism localizes principally in cecal and cloacal crypts. We further hypothesize that the chemoattraction of C. jejuni to mucin attracts the organism to mucus, in which it moves by its highly active flagellum to mucus-filled crypts where the organism establishes itself. Within the crypts, C. jejuni probably grows by using mucin as a substrate. The organism is likely to remain established in the crypt because of its attraction to and metabolism of mucin. C. jejuni does not appear to attach to the crypt; adherence to the crypt is likely not important for colonization of the ceca and cloaca.
